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WKH GLIIHUHQW WLPH GXULQJ D GD\ - $UFH REWDLQHG WKH HIIHFW RI RXWVLGH WHPSHUDWXUH RQ WKH FKLPQH\
SHUIRUPDQFH >@ :LWK WKH FRQGLWLRQ RI GLIIHUHQW KHDW UDGLDWLRQ LQWHQVLW\ DQG GLIIHUHQW VORSH DQJOH
='&KHQ>@ HW DO VWXGLHG WKH FKDQJH RI DLU WHPSHUDWXUH DQG DLU YHORFLW\ LQ WKH JDS 6$0%XUHN
$+DEHE>@KDVFDUULHGRQDQH[SHULPHQWDOVWXG\DERXWWKHWKHUPDOHIILFLHQF\RIWKHVRODUFKLPQH\<DQJ
=KDR>@HWDOXVHG&)'WHFKQRORJ\WRVWXG\WKHDQDO\VLVRIWKHUPDOSURFHVVRIWKHLPSURYHG7URPEHZDOO
=RXKDLU $LW +DPPRX>@ HW DO VWXGLHG $ K\EULG WKHUPDO HQHUJ\ VWRUDJH V\VWHP ZKLFK FDQ VWRUH VRODU
HQHUJ\DQGHOHFWULFDOHQHUJ\DWWKHVDPHWLPH
+RZHYHU QRQH RI WKRVH VWXGLHV DERYH FRQVLGHUHG WKH FKLPQH\HIIHFWV DWWDFKHG ZLWK YDULRXV
WKLFNQHVVHV RI 3&0 PDWHULDOV 7KLV H[SHULPHQW UHVHDUFK PDLQO\ IRFXVHG RQ ZKHWKHU WKH YDULRXV
WKLFNQHVVHVKDYHDQHIIHFWRQWKHXQVWHDG\FKDQJHSURFHVVRIFKLPQH\HIIHFWRIVRODUK\EULGGRXEOHZDOO
ZLWK 3&0 $QG LW DOVR DQDO\]HG WKH LPSDFW RI WKH YDULRXV WKLFNQHVVHV RQ ERWK VLGH RI WKH 3&0
WHPSHUDWXUHILHOGVDVZHOODVWKHFKLPQH\LQWHUQDOVSDFH¶VWHPSHUDWXUHILHOGYHORFLW\ILHOGPDVVDLUIORZ
DQGKHDWJDLQ7KHUHIRUH WKHTXDOLWDWLYHDQGTXDQWLWDWLYHUHODWLRQVKLSEHWZHHQ WKH WZR LQIOXHQFH IDFWRUV
DQG WKH YHQWLODWLRQ HIIHFW DUH HVWDEOLVKHGZKLFK SURYLGHG WKH QHFHVVDU\ EDVLV RQ LPSURYLQJ WKH LQGRRU
QDWXUDOYHQWLODWLRQHIIHFWDQGUHGXFLQJWKHEXLOGLQJHQHUJ\FRQVXPSWLRQ
([SHULPHQWDOVHWXS
([SHULPHQWDO DSSDUDWXV LQFOXGH FKLPQH\ PRGHOV DQG ZDUP OLJKW HTXLSPHQW ZKLFK ZHUH VKRZQ LQ












'XULQJWKHH[SHULPHQW WKH SRZHUVXSSO\ RI WKHZDUP OLJKW HTXLSPHQWZKLFK LV XVHG WR VLPXODWH WKH
KHDWRIVRODUUDGLDWLRQVKRXOGEHWXUQHGRQVRDVWRKHDWHYHQO\7KHZLGWKRIWKHFKLPQH\YHQWLODWLRQLV
VHW DW PP WKURXJK DGMXVWLQJ WKH YROWDJH RI ODPS KHDWLQJ HTXLSPHQW WR Y E\ WKH YROWDJH
UHJXODWRUWKUHH JURXSV RI H[SHULPHQW DUH FRQGXFWHGUHVSHFWLYHO\ LQ WXUQ ZLWK PP  PP PP








3&0 'U\ZDOOOD\HU ,QVXODWLQJOD\HU 
0HDVXUHSRLQWVRIWKHZLQGVSHHG 
0HDVXUHSRLQWVRIWKHWHPSHUDWXUH $LUSDVVDJH
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JODVVDQGWKHLQQHUVXUIDFHRIWKHZDOO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DQGPV LVXVHG LQ WKLV H[SHULPHQW7KHH[SHULPHQW WDNHV WKH WZRVHFWLRQPPDZD\ IURP WKH

































KDYHQ¶W WKH DELOLW\ RI VWRULQJ WKHKHDWZLOO DFKLHYH D VWDEOHYDOXH LQ D YHU\ VKRUW WLPH7R WKHGU\ZDOO
ZKLFK KDV D OLWWOH DELOLW\ WR VWRUH WKH KHDW LWV WHPSHUDWXUH LQFUHDVHV WR D YDOXH VKRUWO\ DQG KDV D IHZ
JURZWKV RYHU WLPH7R WKH HIILFLHQW 3&0 LWV WHPSHUDWXUH LQFUHDVHV FRQWLQXDOO\:KHQ WKH YDULDWLRQ RI
WHPSHUDWXUHNHHSVFRQVWDQWPRVWRIWKHUDGLDWLRQZLOOEHDEVRUEHGE\3&0$WWKHVDPHWLPHWKHZDOO
FDQDOVRDEVRUEDOLWWOHKHDW7XUQLQJRIIWKHOLJKWVZLWKKRXUVODWHUWKHWHPSHUDWXUHVRIJODVVVXUIDFH
DQG DLU JDS ZLWKRXW WKH DELOLW\ RI KHDW VWRUDJH VKDUSO\ JHW FORVH WR WKH DPELHQW WHPSHUDWXUH %XW WKH




































































































7KUHHGLDJUDPV LQ)LJ LQGLFDWH WHPSHUDWXUHYDULDWLRQRYHU WLPHRI3&0DLU LQ WKHJDSDQGJODVV
VXUIDFHIRUGLIIHUHQWWKLFNQHVVFRQGLWLRQ$VVKRZQLQ)LJDWHPSHUDWXUHIRUDOOWKLFNQHVVHVRI3&0
LQLWLDOO\EHJDQWRULVHJUDGXDOO\IURPDPELHQWWHPSHUDWXUH%HIRUHDVKDUSLQFUHDVHRIWHPSHUDWXUHWKHUH






















ZKLFK LV EHFDXVH WKH 3&0QHDU WKHZDOO LVPRUH FORVH WR WKHZDOO VLGH WKHUHIRUH LWZRXOG EH GLUHFWO\
DIIHFWHGE\VRODUUDGLDWLRQ
)LJEDQG)LJF VKRZ WKDW WKH WHPSHUDWXUHRI WKHJODVVVXUIDFH LV DOPRVWQRWDIIHFWHGE\KHDW






OLJKWVZHUH WXUQHGRQ WKHDLUYHORFLWLHVZLWKYDULRXVWKLFNQHVVHVDUHGLIIHUHQWEXWDIWHU WKHOLJKWVZHUH
WXUQHGRIIWKH\DUHDOPRVWWKHVDPH,WVKRZVWKDWWKHWKLFNQHVVRI3&0RQO\DIIHFWVWKHDLUYHORFLW\ZLWK
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RI DLUPDVV IORZ DLU VSHFLILF KHDW UDWLR DQG WKH WHPSHUDWXUH EHWZHHQ LPSRUW DQG H[SRUW WKHUHIRUH WKH
YDOXHRIWKHKHDWJDLQHGE\WKHDLUZLWKPP3&0LVKLJKHUWKDQWZRFDVHV
&RQFOXVLRQ
7KURXJK WKH H[SHULPHQW RQ WKH VRODU K\EULG ZDOO ZLWK WKH 3&0 XQGHU WKH YDULRXV WKLFNQHVVHV
GLVFXVVLQJDQGDQDO\]LQJDERXWWKHLPSDFWVRIWKHKHDWVWRUDJHHIIHFW WKHWKLFNQHVVDQGWKHWLPHRQWKH
WHPSHUDWXUHYHORFLW\DQGFKLPQH\HIIHFWWKHIROORZLQJFRQFOXVLRQVZDVFDSWXUHG
 7HPSHUDWXUH IRU DOO KHDW VWRUDJH OD\HU WKLFNQHVV LQLWLDOO\ EHJDQ WR ULVH JUDGXDOO\ IURP DPELHQW
WHPSHUDWXUH%HIRUHDVKDUSLQFUHDVHRIWHPSHUDWXUHWKHUHLVDFRQVWDQWGXUDWLRQIRUSKDVHWUDQVLWLRQVWDJH




7KH FXUYH IRU PP3&0 UHDFKHV DW D KLJKHU SKDVH WUDQVLWLRQ WHPSHUDWXUH DQG WKH GXUDWLRQ RI






WKHQ WHQGV WR EH VWDEOH:KDW¶V PRUH ZKHQ WKH OLJKWV ZHUH WXUQHG RII WKH DLU YHORFLWLHV ZLWK YDULRXV








>@ ='&KHQ 3%DQGRSDGKD\D\ -+DOOGRUVVRQ &%\UMDOVHQ 3+HLVHOEHU </L $Q H[SHULPHQWDO LQYHVWLJDWLRQ RI D VRODU
FKLPQH\PRGHOZLWKXQLIRUPZDOOKHDWIOX[>-@%XLOGLQGDQG(QYLURQPHQW
>@6$0%XUHN$+DEHE$LUIORZDQGWKHUPDOHIILFLHQF\FKDUDFWHULVWLFVLQVRODUFKLPQH\DQG7URPEH:DOOV>-@([HUJ\DQG
%XLOGLQJ
>@<DQJ=KDR;X;LDROL+DQ-LQOL6WXG\RQWKH WKHUPDOSHUIRUPDQFHRIVRODUZDOO >-@$FWD(QHUJLDH6RODULV6LQLFD

>@=RXKDLU$LW+DPPRX0DUFHO/DFURL[$QHZ3&0VWRUDJHV\VWHPIRU0DQDJLQJVLPXOWDQHRXVO\VRODUDQGHOHFWULFHQHUJ\
>-@(QHUJ\DQG%XLOGLQJV


